Angiogenesis is essential for tumor growth and metastasis. CD105 is reportedly a specific marker for tumor angiogenesis. It has been demonstrated that monoclonal antibodies to CD105 have high affinity for activated endothelial cells. A relationship between metastasis and microvessel density (MVD), as an indicator of neovascularization, has been identified in patients with colorectal cancer as shown by the presence of monoclonal antibodies to CD105. However, data on potentially confounding factors such as lymphatic and vascular infiltration and tumor size are lacking. We further investigated the relationship between MVD and distant metastasis, along with potentially confounding clinicopathological factors, to more precisely characterize this relationship. In this retrospective study, we analyzed colorectal cancer specimens surgically or endoscopically resected from January to September 2009. We defined MVD as the number of microvessels stained by monoclonal antibodies to CD105 per x400 field. Selected clinicopathological factors were analyzed and stepwise multivariate logistic regression was performed to identify independent risk factors for distant metastasis. We analyzed 129 lesions. The median follow-up time was 34 months (range, 6-85 months) in patients with distant metastasis and 61 months (range, 60-86 months) in those without distant metastasis. At the time of resection or during subsequent follow-up, 32 patients had distant metastases. The MVD was significantly greater in patients with than without distant metastases (mean ± standard deviation: 10.4±4.9 vs. 7.6±3.3, P=0.008; Welch's t-test). Stepwise multivariate logistic regression indicated that MVD, regional lymph node metastasis, and tumor size were independent risk factors for distant metastases. Combining assessment of monoclonal antibodies to CD105-positive MVD with assessment of regional lymph node metastasis and tumor size may help to identify patients who need more intensive surveillance after surgery for colorectal cancer.
Introduction
Colorectal cancer is a major cause of morbidity and mortality worldwide (1) . It is the third most common malignancy and second most common cause of cancer-related death in developed countries (2) . Intensive surveillance after colorectal cancer surgery improves survival because early diagnosis of recurrence increases the frequency of its curative resection (3) . Therefore, identification of the risk factors for distant metastasis would optimize the treatment of colorectal cancer.
Tumor angiogenesis (the formation of new blood vessels) is essential for tumor growth and metastasis (2, 4) . The development of new blood vessels is a complex phenomenon involving growth factors, extracellular matrix enzymes, endothelial cell migration and proliferation, lumen formation, and anastomosis with other vessels (5, 6) . New blood vessel formation facilitates entry of malignant cells into the circulation, thus increasing the probability of metastasis (6, 7) . Assessment of microvessel density (MVD), a means of quantifying neovascular vessels, involves staining tissues with pan-endothelial antibodies to antigens such as CD34, CD31, and von Willebrand factor (6, 8) . However, these pan-endothelial markers are also expressed in normal tissues (9) . Currently, CD105 is the immunohistochemical marker most frequently used to identify activated endothelial cells (10) . CD105 is reportedly strongly expressed in endothelial cells of tissues participating in angiogenesis.
We believe that reevaluating the association between tumor angiogenesis as assessed by monoclonal antibodies to CD105 and distant metastasis is essential for optimal treatment of colorectal cancer. The purpose of our study was to identify associations between the presence or absence of distant metastasis and potential clinicopathological risk factors for tumor angiogenesis.
Materials and methods
Patients and clinical data. We retrospectively studied 129 T1, T2, T3, and T4 colorectal cancers specimens resected at the Showa University Northern Yokohama Hospital from January 2009 to September 2009. Written informed consent was obtained from all patients before endoscopic therapy or laparoscopic/open surgery. This study was approved by the Ethics Committee of Showa University Hospital.
The inclusion criteria were as follows: i) Colorectal cancers that had been surgically resected or endoscopically resected prior to surgery; and ii) cases without distant metastasis during follow-up of at least 5 years after surgery. The exclusion criteria were as follows: Patients who had i) two or more cancers excluding colorectal mucosal cancer; or ii) received chemotherapy and/or radiotherapy prior to surgery (because these factors affect the causal relationship with distant metastasis.).
Relevant clinicopathological data (age, gender, tumor size, location and depth, lymphatic infiltration, vascular infiltration, regional lymph node metastasis, poorly differentiated or mucinous carcinoma components, adjuvant chemotherapy, and distant metastases) were extracted from an electronic record system and reviewed. This study included 72 men (55.8%) and 57 women (44.2%) aged 31 to 87 years (median, 66 years). Distant metastasis was defined as metastasis to another organ (such as the liver, lung, bone, brain, or peritoneum) and/or nonregional lymph node metastasis.
CD105 immunostaining. Immunohistochemical staining was performed on 4-to 5-µm-thick formalin-fixed and paraffin-embedded sections obtained from each specimen. Sections containing the most invasive areas of colorectal cancer were selected. Staining was performed automatically (BONDIII; Leica Biosystems Melbourne, Melbourne, Victoria, Australia), using a Bond Polymer Refine Detection kit (Leica Biosystems, Newcastle, UK), with mouse monoclonal antibodies to CD105 (clone SN6h; Dako, Kyoto, Japan; working dilution 1:500 for 15 min with bond wash solution buffer) (11) .
Stainability of monoclonal antibodies to CD105 and pan-endothelial antibodies. To assess whether monoclonal antibodies to CD105 are specific for new tumor blood vessels, we performed a pilot study comparing microvessels between normal and cancerous areas by staining with monoclonal antibodies to CD105, CD31, CD34, and von Willebrand factor. The tissues were examined under high magnification (x400).
Pathological analysis. Tumor size was measured after formalin fixation. The specimens were assessed according to World Health Organization criteria (12) and the Japanese Society for Cancer of the Colon and Rectum guidelines (13) . The histological grade and presence of regional lymph node metastasis were investigated by examining hematoxylin and eosin (H&E)-stained specimens. Lymphatic infiltration was evaluated by examining H&E-stained sections and/or sections immunostained with anti-D2-40 antibody (Dako North America, Carpinteria, CA, USA). Vascular infiltration was evaluated using double staining with H&E and/or Victoria blue (Muto Pure Chemicals, Tokyo, Japan). The histological grade was assigned according to the least differentiated tumor component. Poorly differentiated or mucinous carcinoma components were classified as present if any part of the lesion contained either of these features (14) .
Assessment of MVD.
As previously reported, vessels stained with monoclonal antibodies to CD105 show three basic morphological features: Round-shape, sinusoid-like, and small vessels without discernible lumens (endothelial sprouts) (6) . Only vessels with discernible lumens of a caliber smaller than approximately eight blood cells and without thick muscular walls were counted (15) ( Fig. 1 ). The procedure used conforms with the international consensus method for assessing intratumoral MVD (16) . After scanning the immunostained section at low magnifications (x40 and x100), the three areas with the greatest number of distinctly highlighted microvessels (so-called hot spots) were selected. Microvessels at x400 magnification were enumerated without knowledge of the patient's status. MVD is expressed as the mean number of vessels per high-power field (x400) in the three selected hot spots (6) .
Outcome measures and statistical analysis. Univariate analysis was first performed to identify associations between distant metastases and potential risk factors (17) . The clinicopathological factors listed above were then analyzed using Fisher's exact test and Welch's t-test. A P-value of <0.05 was considered to indicate a statistically significant difference (14) . Stepwise multivariate logistic regression was then performed to determine which combination of variables provided the best estimate of the relative risk of distant metastasis. Odds ratios and 95% confidence intervals (CIs) were calculated after accounting for potential confounders. All data are presented as the mean ± standard deviation. Furthermore, receiver operating characteristic (ROC) analysis was performed to determine the optimal cut-off value for MVD. All analyses were performed using JMP ® 12 (SAS Institute, Cary, NC, USA).
Results
Total lesions. In this study, 129 lesions were analyzed. A flow chart showing application of the inclusion and exclusion criteria is shown in Fig. 2 Comparison of staining with monoclonal antibodies to CD105 and pan-endothelial antibodies for assessing microvessels. In normal areas, these vessels stained strongly with CD31, CD34, and von Willebrand factor antibodies, whereas they stained weakly or not at all with monoclonal antibodies to CD105. Fig. 3 shows typical examples of microvessel evaluation between normal and cancerous areas stained with monoclonal antibodies to CD105 and CD34.
Vessels stained with monoclonal antibodies to CD105. Fig. 1 shows staining of microvessels with monoclonal antibodies to CD105, as indicated by the brown circle lines around angiogenetic vessels. Only vessels with discernible lumens, of smaller caliber than approximately eight red blood cells, and without thick muscular walls were counted.
MVD and distant metastasis. Table I shows the associations of selected clinicopathological factors with distant metastasis. The MVD was 10.4±4.9 (mean ± standard deviation) in patients with distant metastases from colorectal cancer and 7.6±3.3 in those without distant metastases; this difference was significant according to the univariate analysis (P=0.008, Welch's t-test).
Associations between clinicopathological factors other than MVD and distant metastasis. According to the univariate analysis, there were also statistically significant differences in tumor size, tumor depth (T2-4 tumors), lymphatic infiltration, vascular infiltration, regional lymph node metastasis, and having received adjuvant chemotherapy between patients with and without metastases from colorectal cancer (Welch's t-test and Fisher's exact test) (Table I) .
Stepwise multivariate logistic regression. According to stepwise multivariate logistic regression, MVD, regional lymph node metastasis, and tumor size were independent risk factors for distant metastases (Table I) .
Optimal cut-off value for MVD for estimation of risk of distant metastasis. To facilitate clinical application of our findings, we determined the optimal cut-off value for MVD by ROC analysis (area under the curve, 0.65; cut-off value, 10 vessels/x400 field; sensitivity, 56.3%; specificity, 72.2%; and accuracy, 68.2%) ( Fig. 4) . Patients with cancers that had ≥10 vessels/x400 field of MVD were at significantly higher risk of distant metastasis than those with cancers that had <10 vessels/x400 field of MVD (P=0.005, Fisher's exact test).
Discussion
In this study, we found that MVD, regional lymph node metastasis, and tumor size were significantly associated with distant metastases from colorectal cancer and that MVD is a more appropriate risk factor for distant metastasis than is lymphatic or vascular infiltration.
Because tumor growth and metastasis are dependent on angiogenesis (2, 4) , selected possible markers of angiogenesis have been investigated. It has been repeatedly found that CD105 is a better marker of tumor angiogenesis than pan-endothelial markers such as CD31, CD34, and von Willebrand factor (6, 18, 19) . One of the reasons for this is that CD105 is an accessory receptor for transforming growth factor beta (TGF-β) (20, 21) . The main function of TGF-β is mediated through tyrosine/threonine kinase receptors on the cell surface, including TGF-β type II receptor, TGF-β type I receptor, and CD105. TGF-β is known to participate in angiogenesis by stimulating or inhibiting the activation of endothelial cells through a balance of activin-like kinase (ALK) 5 and ALK1 signaling. Phosphorylation of Smad1/5/8 after activation of ALK1 activates endothelial cells to migrate and proliferate (22) . Immunostaining of tissue sections from various histological types of human tumors has shown that CD105 is strongly expressed in the endothelial cells of tumor blood vessels, but is either undetectable or only weakly present in blood vessels of most normal tissue (8) . MVD estimated by monoclonal antibodies to CD105 can reportedly be used to differentiate between low-grade and high-grade dysplasia and between high-grade dysplasia and colorectal cancer. In contrast, MVD estimated by monoclonal antibodies to CD34 reportedly cannot be used to distinguish between these pathologies (9, 20) . MVD estimated by monoclonal antibodies to CD105 is inversely correlated with survival in patients with non-small cell lung cancer, hepatocellular cancer, and breast cancer, whereas MVD estimated by monoclonal antibodies to CD34 does not show this inverse correlation (8, 20, (23) (24) (25) . Additionally, MVD estimated by monoclonal antibodies to CD105 correlates more strongly with the amount of vascular endothelial growth factor than does MVD estimated by monoclonal antibodies to CD31 or CD34 (20, 24, 26) . Accordingly, the most frequently used immunohistochemical marker for identifying activated endothelial cells is CD105.
Angiogenesis is essential for tumor growth and metastasis. Therefore, angiogenesis is currently a target of cancer therapy. For example, bevacizumab is a humanized monoclonal antibody with a high affinity for circulating vascular endothelial growth factor A (27) . Clinical trials of first-and second-line treatment of metastatic colorectal cancer have confirmed that the addition of bevacizumab to standard first-line chemotherapy regimens significantly improves patient outcomes (28) (29) (30) (31) ; hence, it is important to investigate both the relationship between MVD and metastasis and potentially confounding clinicopathological factors. MVD and regional lymph node metastasis are reportedly risk factors for distant metastasis (6, 17) . However, data on potentially confounding factors such as lymphatic and vascular infiltration and tumor size are lacking. Another study has shown that lymphatic and vascular infiltration are risk factors for recurrence of colorectal cancer (32) . We therefore expected that the stepwise multiple logistic regression analysis in the present study would confirm that lymphatic and vascular infiltration are risk factors for distant metastasis, but the analysis did not confirm this. One possible explanation for this apparent discrepancy is that generally, vascular infiltration reflects the risk of hematogenous metastasis and lymphatic infiltration reflects the risk of lymphatic metastasis. In this study, we investigated the risk of distant metastases, including hematogenous and lymphatic metastasis and peritoneal dissemination. One of the mechanisms of colorectal peritoneal dissemination is transcoelomic invasion by the primary cancer (33) . Transcoelomic invasion implies prior primary tumor growth and current tumor growth. Angiogenesis is essential for tumor growth. Therefore, it is assumed that angiogenesis is essential for transcoelomic invasion. Moreover, it has been demonstrated that angiogenesis correlates with both hematogenous and lymphatic metastasis (7, 17) . Accordingly, it is conceivable that MVD is a more appropriate risk factor for distant metastasis than is lymphatic and vascular infiltration. This is a novel finding of the present study. Moreover, to facilitate the clinical application of our findings, we used an ROC curve to determine the optimal cut-off point for MVD (10 vessels/x400 field). The incidence of distant metastasis differed significantly between MVD above and below this cut-off point. The main objective of surveillance after curative resection of colorectal cancer is to detect recurrence early (32) ; intensive surveillance after curative resection of colorectal cancer reportedly improves prognosis (3). However, intensive surveillance is costly, and the optimal duration and frequency of surveillance has not yet been determined (32) . Determination of appropriate risk factors for distant metastasis may help to identify patients who need intensive surveillance, thus improving the efficacy of follow-up. Another problem is that the areas of a primary tumor with the highest MVD contain the cells that are most likely to disseminate systemically. These metastasizing cells are more likely to express the angiogenic phenotype than are cells escaping from areas with fewer microvessels. However, it has been shown that tumor cells that are not angiogenic may form dormant micrometastases that eventually switch to the angiogenic phenotype (34) . In other words, dormant micrometastases may become angiogenic and grow long after resection of the original cancer (35) . Thus, cancers with high MVD may harbor undetectable micrometastases, increasing the false-negative rate. This problem has not yet been resolved and thus further study is needed.
This study has some limitations. First, we excluded patients who had not been followed up for at least 5 years. Second, this was a single-center retrospective study with the inherent possibility of selection bias. Third, estimation of tumor budding in T1 colorectal cancer was not described. It was not an established outcome because only one patient had distant metastasis.
In conclusion, our analysis suggests that MVD estimated by monoclonal antibodies to CD105, regional lymph node metastasis, and tumor size are a more appropriate risk factors for distant metastasis from colorectal cancer than other potential confounding clinicopathological factors.
